Biomineralization is the process by which living organisms construct hard skeletons creating complex structures that range from specialized tissues such as bone or teeth to ecosystems such as coral reefs. Biominerals are composed of both inorganic minerals and proteins, which give them extra hardness and special attributes. Biomineralization proteins are also known to be associated with multiple bone disorders and are therefore of biomedical importance. Herein we describe BioMine-DB, a biomineralization centric protein database. Availability and implementation: BioMine-DB can be accessed at
Introduction 11
Biomineralization is a process in which minerals form inside or outside the cells of a 12 variety of organisms (Lowenstam & Weiner 1989; Simkiss & Wilbur 1989) . In animals, 13 these minerals are primarily calcium carbonates and calcium phosphates (Knoll 2003) . 14 The majority of biominerals formed in bones, shells, skeletons and spicules are composed 15 of mineral crystals, however all biominerals contain various amounts of other proteins 16 that give these minerals extraordinary properties. The cell orchestrates the mineral 17 formation process through the expression and translocation of proteins that nucleate the 18 crystals either intracellularly or extracellularly. More importantly, the cell has to inhibit 19 mineral formation and crystal growth in unwanted sites (Kawasaki et al. 2009; Marin et 20 al. 1996) . Both nucleation and inhibition can be achieved through multiple cellular 21 mechanisms. For example, the cell will produce enzymes that modify proteins by 22 breaking them into smaller peptides (Qin et al. 2004 ) thus changing their function. The 23 cell is able to tightly regulate the biomineralization process by molecular modification 24 (e.g. adding sugars or other moieties) and regulation of ion transport across membranes 25 
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The process of biomineralization is ubiquitous throughout the animal tree. Such 39 distribution has generated speculation about the origin of metazoan biomineralization and 40 its evolutionary history. Biomineralization is a complex process that relies on multiple 41 cellular pathways (Knoll 2003; Marin et al. 1996) . Many of the studied biomineralization 42 Marin et al. 1996), it also remains that many parts of biomineralization pathways must be 64
hope that due to the increasing surge of sequence information along with broad 74 phylogenetic representation in the public domain, a clearer picture of the evolutionary 75 history of biomineralization proteins will emerge, rendering BioMine-DB as a dynamic 76 platform to answer not only fundamental questions in animal evolution but also about the 77 process of biomineralization in particular lineages. 78
79

Methods 80
Biomineralization proteins list 81
We carried out a wide primary literature and database survey in order to compile a list of 82 proteins that are functionally implicated biomineralization in animals. Specifically, we 83 included data from scleractinian corals, calcareous sponges, gastropod and bivalve 84 molluscs, crustaceans, echinoderms, and vertebrates. Additional sequences were collected 85 from the AMIGO Gene Ontology database (Carbon et al. 2009 ). The complete 86 biomineralization gene list is accessible through the BioMine-DB web application 87 (http://biomine.net/). These already annotated sequences were used as a seed to search for 88 related biomineralization proteins in undocumented taxa or new sequence databases, and 89
were stored in a pre-computed BLAST search database. After building the list of 90 candidate proteins, each protein could be traced back to an original publication where it 91 was described. 92
Pfam domain search and protein homolog identification 94
To further improve the search strategy, using the Pfam database, we scanned for 95 conserved protein domains in the proteins we gathered from primary literature (Finn et 
BLAST Searches 103
In addition to the domain searches, we conducted BLASTp searches for all the proteins in 104 the seed database against nr and against the 6-frame translations of the dbEST for the 105 selected taxa. For filtering the results, we only considered hits that match e-value < 106 0.000001 and bitscore > 150 to be significant. 107 108
BioMine-DB construction 109
In order, to organize all the data in a searchable platform, we constructed a web 2) The user submits the protein list to BioMine-DB through the web interface. 130
3) BioMine-DB generates potential matching biomineralization proteins in the 131 submitted dataset, together with the publications in which these similar proteins 132 have been described. 133
Use case 2: 134 1) A user is already working with a known biomineralization protein and is doing 135 functional work, i.e. the user is doing whole mount in situ gene expression 136 research in a given organism and finds it hard to explain the observed expression 137 pattern. Thus, the user thinks there could be other proteins involved. 138
2) The user submits his protein to BioMine-DB. 139
3) The user gets back a list of potential biomineralization from 140
141
Discussion and Conclusion 142
By combining thorough literature scrutiny with similarity searches we were able to 143 construct a large dataset of biomineralization-related proteins. BioMine-DB proved 144 useful in annotating sequence data from non-model organisms involved in the particular 145 process of biomineralization. The ability to always link back to the primary literature 146 provides a unique opportunity to the investigator to directly examine the experimental 147 evidence that deemed a particular protein as biomineralization-associated. We believe 148 this should fast-forward research in non-model systems by knowledge transfer from 149 model species in biomineralization research. By providing a BLAST interface and 150 downloadable versions, we are certain that biomineralization researchers can benefit from 151
BioMine-DB, as there are no other resources that catalog and curate biomineralization 152
proteins. 153
